The minimal inhibitory concentrations of carbadox, dimetridazole, lincomycin, ronidazole, and tiamulin against isolates of Treponema hyodysenteriae and Treponema innocens were determined by an agardilution method. The results obtained indicated that tiamulin was the most effective antimicrobial in vitro against T. hyodysenteriae, followed by carbadox. Dimetridazole, lincomycin, and ronidazole had poor efficacy in vitro against the T. hyodysenteriae isolates. Isolates of T. innocens were more sensitive to the various antimicrobials. Carbadox and tiamulin were the most effective in vitro, followed by ronidazole, dimetridazole, and lincomycin. From the Laboratoire d'Hygiène vétérinaire, Agriculture Canada, 3400 boul. Casavant Ouest, St-Hyacinthe,
Swine dysentery is an enteric disease of major economic importance in most countries where intensive swine rearing is practiced. The disease can occur in acute form with severe hemorrhagic diarrhea occasionally leading to death or as a more chronic form with soft mucoid feces. In most cases, a spirochete, Treponema hyodysenteriae, is recognized as the causative agent. 3 Another spirochete, Treponema innocens, can also be isolated from swine but is generally considered to be nonpathogenic. 3 Several antimicrobial agents are available to cure or prevent dysentery in pig herds. Studies on minimal inhibitory concentrations (MICs) of antimicrobials against isolates of T. hyodysenteriae have been reported previously, 2, [4] [5] [6] [7] [8] 10, 15, 16 and differences exist in the susceptibility of the isolates. The objective of this study was to determine the in vitro susceptibility of T. hyodysenteriae and T. innocens isolates found in some Quebec swine herds.
Material and methods
Bacterial isolates. Samples for isolation of T. hyodysenteriae and T. innocens were obtained from either rectal swabs taken with anaerobic swabs, a feces, or mucosal scraping of colons. The samples were collected from pigs in commercial feeding or farrowing herds in Quebec during the course of naturally occurring episodes of swine dysentery or when this disease was considered as a differential diagnosis. The 33 clinical isolates of T. hyodysenteriae came from 20 different herds, 11 of which were known to be under medication at the time of sampling. The other herds had been under different treatments in the previous months. Strains of T. hyodysenteriae (ATCC 27164) and T. innocens (ATCC 29796) were also included.
Media. Trypticase soy agar b (containing 200 µg spectinomycin, c 25 µg vancomycin, d and 25 µg colistin e per ml and supplemented with 5% citrated bovine blood) (TSA-SVC) was used for primary isolation of T. hyodysenteriae and T. innocens. Subculturing was done on TSA supplemented with 10% (v/v) of pig feces extract (TSA-PFE) prepared as described 9 and on blood agar base #2 f (BA2), both supplemented with 5% bovine blood. Antimicrobial susceptibility testing was done on BA2.
Isolation of organisms. The samples submitted were streaked onto TSA-SVC plates. Plates were incubated at 42 C for up to 6 days in an anaerobic atmosphere of H 2 and CO, provided by a gas generator envelope with palladium catalyst b in an anaerobic jar. f Initially, subculturing was done on TSA-PFE but was changed to BA2. Treponema hyodysenteriae and T. innocens were differentiated by the intensity of hemolysis on blood agar; T. hyodysenteriae was strongly beta-hemolytic and T. innocens was weakly beta-hemolytic. Once pure cultures were obtained, the isolates were frozen at -70 C in Brucella broth g with glycerol (15% v/v) and agar (0.12% w/v).
Minimal inhibitory concentration determination. The MICs of 5 antimicrobials (carbadox, c dimetridazole, h lincomycin, h ronidazole, i and tiamulin j ) currently used for the prophylactic and/or therapeutic treatment of swine dysentery were determined. The antimicrobials and the concentrations tested are shown in Table 1 . Selection of the concentrations to be tested were based partly on previously published studies. 2, 6, 7 For MIC determination, the agar-dilution method was used. 11, 14 The plates were prepared by adding 5 ml of citrated bovine blood and 5 ml of an appropriate concentration of antimicrobial to be tested to 90 ml of BA2. Once solidified, the plates were put in plastic bags and kept at 4 C. The plates were used within 2 wk of preparation. The day before the plates were used, they were prereduced by putting them in an anaerobic environment.
Isolates to be tested for MIC were thawed, streaked on BA2, and incubated for 3 days at 37 C. The isolates were then resuspended in sterile saline to a MacFarland standard turbidity of 0.5 by using a portable colorimeter. k Each plate with an antimicrobial was spot inoculated with 20 µ1 of suspension. Plates were placed in anaerobic jars and incubated under anaerobic conditions, as described above, for 3 days at 37 C and then examined. The lowest concentration of each antimicrobial at which growth or hemolysis was not visible was taken as the MIC. The value for each antimicrobial represents the median of 3 experiments.
Results
Thirty-four isolates of T. hyodysenteriae and 9 isolates of T. innocens were tested. The MIC range, MIC 50 , and MIC 90 , of T. hyodysenteriae and T. innocens are presented in Table 2 .
Tiamulin was the most effective antimicrobial in vitro against T. hyodysenteriae, with 90% of the isolates being inhibited by 1 µg/ml. Carbadox was of intermediate efficacy, with 23 of the 34 isolates inhibited by levels of ≤2 µg/ml, whereas 6 isolates were still resistant to a level of 6 µg/ml. Dimetridazole displayed poor efficacy in vitro, with 32 isolates resistant to levels of 10 µg/ml. Ronidazole was also of poor efficacy, with
Although the number of isolates tested was relatively small, carbadox and tiamulin were the most active, as all isolates were inhibited by 0.08 and 0.5 µg/ml, respectively. Ronidazole was also quite effective, with only 1 out of 9 isolates growing above the 0.4 µg/ml level and all isolates being inhibited by 0.8 µg/ml. Dimetridazole was also active, with 1 isolate growing at the 1 µg/ml level but inhibited by 2 µg/ml. Lincomycin was as ineffective in vitro against T. innocens as against T. hyodysenteriae, with only 2 isolates susceptible to a level < 100 µg/ml.
Discussion
The MIC 90 , for the T. hyodysenteriae isolates in this study were higher than those previously published for all antimicrobials tested. The difference was most apparent for carbadox; the MIC 9O of the isolates was > 6 µg/ml, whereas other studies reported MIC 90 s ranging from 0.015 µg/ml 6,7 to 0.62 µg/ml (2 isolates had MICs to carbadox of 2 µg/ml. 4 Other investigators found MIC 90 s of intermediate value. 8, 10, 15 The MIC 90 of tiamulin for T. hyodysenteriae in the present study of 1.0 µg/ml exceeds previously published values of 0.1 µg/ m1, 8 0.2 µg/ml, 7 and 0.5 µg/ml, 5 but the difference was not as great as with carbadox. Ronidazole and dimetridazole were not very effective in vitro against T. hy-32 isolates resistant to 2 µg/ml. Lincomycin was almost odysenteriae. Cross-resistance between these 2 antiineffective in vitro against T. hyodysenteriae, with 32 microbials is evident because the 2 isolates most isolates resistant to 100 µg/ml. susceptible to dimetridazole were also the most sus-Treponema innocens isolates were more sensitive in ceptible to ronidazole. For ronidazole, all but 2 of the vitro to the various antimicrobials tested ( Table 2) . isolates had an MIC >2 µg/ml. An MIC 90 of 0.39 µg/ ml for ronidazole was reported for 23 T. hyodysenteriae isolated in Japan 8 whereas in Hungary the MIC 90 for 6 isolates was 1 µg/ml. 10 For dimetridazole, 32 of the 34 isolates had MICs of > 10 µg/ml. Other investigators 2,6,10 noted MIC 90 values for dimetridazole of 5.0, 2 0.5, 6 and 50 µg/ml (only 6 isolates were tested). 10 Lincomycin was quite ineffective in vitro, with only 2 of the isolates having MICs < 100 µg/ml. The MIC 90 in other studies ranged from 25 µg/ml 8, 10 to 100 µg/ml, 7 with intermediate values. 6 All previously published studies on antimicrobial susceptibility testing of T. hyodysenteriae report MIC values, but none of these studies correlates the MIC values to an interpretation on the sensitivity or resistance of the isolates to the antimicrobial tested. We were faced with the same problem in this study. This lack of correlation primarily is because the specific values defining a sensitive or resistant status are either unavailable or unpublished in the scientific literature; little information exists on the pharmacokinetic properties of these drugs pertaining to the achievable tissue level. For carbadox, available information indicated that even after ingestion of feed containing therapeutic levels of 100-150 ppm (equivalent to µg/ml) of carbadox, the amount of carbadox reaching the colon via the digestive tract would be close to 0. The highest concentrations were found in the stomach and duodenum and would make carbadox suitable as preventive medication at the recommended dosage level of 50 ppm.
Interpretation of the results in the previous studies rested mainly on the observed effectiveness of the antimicrobial in vivo. However, when the choice of a treatment is based on the results of the in vitro test, the lack of guidelines makes the recommendation of treatment to swine practitioners almost impossible. In the present study, the final choice of the treatment given was left to the practitioner, who took into consideration the MIC value and the allowed dosage of medication in the feed or water. One report stated that E. coli isolates with an MIC to carbadox of < 3.13 µg/ ml under anaerobic conditions were considered susceptible. 12 The question remains as to whether or not the same value can be applied to determine the susceptibility or resistance of T. hyodysenteriae.
Two possible reasons for the higher MIC 90 observed in this study are the common use of the different antimicrobials tested (except tiamulin) as preventive medication against swine dysentery, and that almost 50% of the T. hyodysenteriae isolates we tested were from herds in which curative treatments for swine dysentery were not completely successful. These partial successes may be due to insufficient drug uptake by the animals or to resistance by the bacteria. No antimicrobial resistance mechanism, chromosomal or plas-mid-mediated, has yet been reported for T. hyodysenteriae. Plasmid-mediated carbadox resistance in E. coli of swine origin has been reported, 13 but the authors were unable to conjugally transmit it to T. hyodysenteriae. We detected the presence of plasmids in some of the isolates of T. hyodysenteriae and T. innocens (Messier, unpublished data) but could not correlate the presence of plasmids with resistance to 1 or more of the antimicrobials tested.
